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ATTORNEY DOCKET NO: 07653/021001 

A SEMICONDUCTOR PACKAGE 

Background of the Invention 

The present invention relates generally to 
semiconductor packaging, and more particularly to a package 
for a plurality of semiconductor dice, which are singulated 
into individual integrated circuits. 

Generally, in semiconductor manufacturing, an 
individual semiconductor die is mounted to a substrate and 
then sealed by an encapsulant or by a molding operation. 
The sealed package protects the die from breakage, and 
hazardous environmental contaminants. In addition, the 
package provides a lead system for connecting the resulting 
integrated circuit to a plurality of other similar circuits 
on a printed circuit board in an electronic system. 

The semiconductor die includes a non- active surface 
which is typically mounted to a die receiving area on the 
substrate, and an active surface which has circuitry formed 
thereon. The circuitry is electrically connected to the 
substrate by bond pads formed on the active surface to 
corresponding bond pads on the substrate. 

The initial component of the package is the 
substrate, for example, a lead frame. Typically, a lead 
frame supports a plurality of dice for packaging, and 
provides the leads for the final semiconductor package. The 
lead frame may be formed from a metal sheet of material . 
During the packaging process, each semiconductor die is 
mounted to a die paddle of a die receiving area by an 
adhesive. The adhesive is typically formed between the non- 
active face of the semiconductor die and the top surface of 
the die paddle. 
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During the packaging process, the bond pads formed 
on the semiconductor die are electrically connected to the 
leads of the lead frame using bond wires. An encapsulating 
layer is then formed over a portion of or across the entire 
5 active surface of the semiconductor die to seal the die and 
lead frame in a final package. After the package is sealed, 
the semiconductor packages are singulated by, for example, a 
trim and form operation, and the leads are bent to a desired 
configuration. 

10 Recent advances in semiconductor manufacturing have 

led to a demand for smaller devices which may perform more 
functions. Thus, more input/output connection have been 
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p-| formed onto the semiconductor die, thereby increasing 



circuit densities. Common methods for securing these 
15 circuits to the substrate are wirebonding and tape -automated 
O bonding (TAB) . In TAB, the metal tape leads are attached 

f between the bond pads on the semiconductor die and the bond 

D pads on the substrate. In wirebonding, a plurality of 

electrical connections are formed one at a time between a 
j?; 2 0 bond pad on the semiconductor die and a corresponding pad on 
O the substrate. 

m 

Due to the increased demand for high input/output 
chips, the semiconductor dies are typically formed in an 
array. Known packaging techniques includes ball grid array, 
25 dual-in line, flat pack, and hermetic and plastic chip 
carrier. 

As mentioned above, the semiconductor die are formed 
on a substrate. In ball grid array (BGA) and fine-pitched 
ball grid array (FBGA) packaging, the substrate is typically 
3 0 formed from an organic material such as bismaleimide 

triazine (BT) resin. The BT resin is usually supplied as a 
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sheet of material, and a plurality of semiconductor dice are 
formed in an array on the sheet of material . Once the 
electrical connections are formed, the semiconductor is 
sealed by molding or encapsulation by, for example, a glob 
5 top . 

When a molding operation is used, the entire top 
surface of the substrate, with the semiconductor dice 
mounted thereon, is covered with a mold compound. The dice 
are then singulated by a trim and form operation. 
10 One drawback to this method is that the resulting 

package is complex to manufacture because the resulting 
N packages must be singulated by a precision sawing operation 

p to avoid damage to the semiconductor dice. Typically, a saw 

or jig is used. The pressure which results from the saw 
15 blade cutting the mold may, for example, damage the 

electrical connections formed on the semiconductor die. 
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O Summary of the Invention 

[j ! In general, the invention is directed to a 

j% 2 0 semiconductor package which includes a substrate having a 
plurality of dice mounted thereon. The substrate includes 
plurality of grooves to allow the semiconductor dice to be 
easily detached from the substrate to form individual 
integrated circuits. 
25 Accordingly, in one aspect, the package includes a 

substrate having a first surface and a second surface. A 
plurality of first grooves are formed on the first surface 
to form a plurality of segments in the substrate. A 
semiconductor die is mounted to a corresponding segment on 
3 0 the second surface. An encapsulant is formed over the 

semiconductor die, and forms a plurality of second grooves 
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formed in the encapsulant to correspond to the plurality of 
first grooves. A plurality of break points are formed from 
the first and second grooves to separate the individual 
segments from the substrate. 
5 Implementations of the invention include one or more 

of the following. The substrate is formed from ceramic. The 
encapsulant is formed from a bismaleimide triazine resin. 
The plurality of first and second grooves are formed at an 
angle. The package is one of a ball grid array and a fine- 
10 pitched ball grid array package. The plurality of 
semiconductor dice are electrically connected to the 
substrate. 

.In another aspect, the invention is directed to a 
method for singulating a semiconductor package which 

15 includes a substrate having a first surface and a second 
surface. A plurality of grooves are formed in the first 
surface of the substrate to separate the substrate into a 
plurality of segments. A semiconductor die is mounted to 
each of the plurality of segments. The method further 

20 includes forming an encapsulant on each of the segments, 
wherein the encapsulant has a plurality of second grooves 
corresponding to the plurality of first grooves. A 
plurality of break points are formed form the first and 
second grooves such that each of the plurality of segments 

2 5 of the substrate is separated at a corresponding break 
point . 

Implementation of the method include the following. 
The segments may be separated from the substrate by a 
shearing or punching operation. 
30 Other advantages and features of the present 

invention will become apparent from the following 
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description, including the drawings and claims. 



Brief Description of the Drawings 
FIG. 1 illustrates a substrate for a semiconductor 
5 package in accordance with the present invention. 

FIG. 2 illustrates a semiconductor die mounted to 
the substrate of FIG. 1. 

FIG. 3 illustrates a top view of the semiconductor 
die of FIG. 2 . 

10 FIG. 4 illustrates the circuitry formed on the 

substrate of FIG. 1. 

FIG. 5 illustrates the electrical connections 

O 

n between the semiconductor die and the substrate. 



FIG. 6A illustrates a molding apparatus in 
15 accordance with the present invention. 
O FIG. 6B illustrates the semiconductor package with a 

formed mold. 

s 

FIG. 6C illustrates a prior art package with a 
formed mold. 
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p Description of the Preferred Embodiments 

FIG. 1 illustrates a semiconductor package 1 in 
accordance with the present invention. Semiconductor 
package 1 may be a ball grid array (BGA) or fine-pitched 
2 5 ball grid array package FBGA. Semiconductor package 1 

includes a substrate 5. Substrate 5 includes a top surface 
3 and a bottom surface 6 . Substrate 5 may be formed from any 
ceramic or other suitable material . 

Substrate 5 also includes a plurality of grooves 10 
30 which are formed in bottom surface 6. Grooves 10 may be 
formed by milling, etching, or scribing. The grooves 10 
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separate substrate 10 into a plurality of segments 15. Each 
of the segments 15 may be approximately the same length or 
different lengths depending on the application. Segments 15 
generally define the length of an individual semiconductor 
die package formed from substrate 5 . Grooves 10 are formed 
at an angle relative the to the bottom surface 6 of 
substrate 5. For example, grooves 10 may be formed in the 
shape of an inverted "V". Grooves 10 may have a depth of 
about 1-3 millimeters. Grooves 10 also permit the 
individual packages to be easily separated from substrate 5 
as discussed below. 

Referring now to FIG. 2, substrate 5 includes a die 
mounting area 36. A semiconductor die 20 is mounted to the 
die mounting area 3 6 such that its non-active surface 
contacts the die mounting area 36. To secure the 
semiconductor die to the die mounting area 36, an adhesive 
layer 9 is formed onto the mounting area. Adhesive layer 9 
may be formed from epoxy, acrylic, silicon, or other 
suitable dielectric material. 

FIG. 3 illustrates the semiconductor die 20 with a 
row of bond pads 22 formed on an active surface 21 of the 
die 20 along its peripheral edges. The active surface 21 
also includes a plurality of circuit traces 24 formed 
between the bond pads 22. Bond pads 22 may be formed onto 
active surface 21 of semiconductor die 20 by laminating, 
etching, or other suitable techniques. 

Referring now to FIG . 4, substrate 5 may include a 
plurality of bond pads 14 and a plurality of electrical 
conductive terminals 18. A plurality of circuit traces 14 
may also formed between top surface 3 and bottom surface 6 
of substrate 10 to provide an electrical path between bond 
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pads 14 and terminals 18. Bond pads 14 and circuit traces 16 
may be formed onto surface 3 by etching, milling, or other 
suitable techniques. Bond pads 14 may be formed from gold 
or copper. Circuit traces 16 may be formed from gold, 

5 aluminum, copper, or other suitable material. 

Referring again to FIG. 4, conductive terminals 18 
are formed onto bottom surface 6. It should be noted 
however that the conductive terminals 18 may also be formed 
onto the top surface 3 depending on the application. 

0 Conductive terminals 18 provide the electrical contact 
between the substrate 5 and a printed circuit board (PCB) 
(not shown) . In particular, each conductive terminal 18 
electrically connects a specific terminal or bond pad of 
semiconductor die 2 to a corresponding terminal on the PCB. 

5 FIG. 5 illustrates the semiconductor die 2 0 

electrically connected to substrate 5 by electrical 
connections 30. Electrical connections 30 extend from one 
of the bond pads 22 of semiconductor die 20 to a 
corresponding bond pad 14 on substrate 5 . Electrical 

0 connections may be formed, for example, by wirebonding or 
conventional direct flip-chip attach processes. Suitable 
wirebonding techniques include thermosonic wirebonding, 
ultrasonic wirebonding, and thermo- compression wirebonding. 
During the packaging process, after the 

5 semiconductor die is electrically connected to the 

substrate, an encapsulant is formed over the die-substrate 
assembly to protect the die from damage. Typically, the 
encapsulant is formed over an array of semiconductor dice 2 0 
or segments 15. A sawing or shearing operation is then 

0 performed to separate the segments 15 into individual 
packages . 




Referring to FIG. 6C, in a known molding system, 
when the encapsulant 95 is formed, the material of the 
encapsulant 95 forms not only around the die, but also in 
gaps 90 of adjacent die. During sawing, the blade slices 
5 through the material in the gaps 90 to singulate the 

packages. This cutting operation increases the stress on 
the blade and supplies pressure which may damage the 
semiconductor die and the electrical connections. 

To reduce the effects of pressure on the 

10 semiconductor die, it has been found that grooves 50 may be 
formed in the encapsulant which correspond to grooves 10 of 
the substrate 5. This permits segments 15 to be easily 
detached from substrate 5 by forming break points from 
grooves 10 and 50 in the substrate. 

15 Referring to FIG. 6A, the package 1 is sealed by an 

encapsulant 4 0 which may be transfer molded. Encapsulant 4 0 
protects the semiconductor die and electrical connections 18 
against damage and environmental hazards such as chemicals 
and residue during packaging. Encapsulant 4 0 may be formed 

2 0 from any number of conventional mold compounds. 

Encapsulant 40 may be, for example, a multiple 
cavity mold. In this processing regime, encapsulant 4 0 
includes an upper member 70 and a lower member 72, which 
form a cavity 75 to surround the semiconductor die 20. A 
25 gate (not shown) is formed in the upper portion through 

which a resin is supplied to the cavity during the molding 
operation. The molding resin may be moved inside the cavity 
by, for example, a plunger (not shown) . 

During operation, the semiconductor die package is 

3 0 mounted between the upper member 70 and the lower member 72 

by a loading frame or other suitable device. The 
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encapsulant is applied to the cavity 75 and subjected to a 
suitable temperature to cure the resin. Suitable 
temperatures are between 150-200°C. Next, the package body 
is removed from the encapsulant for singulation. As shown 
in FIG. 6A, a plurality of projections are formed in upper 
member 70 of the encapsulant 40 to form a plurality of 
grooves 50 in the sealed semiconductor package. 

Referring to FIG. 6B, grooves 50 are formed such 
that they generally correspond to grooves 10 in substrate 5 
to form a plurality of breakage points 60. Grooves 50 are 
formed at an angle relative to substrate 5. For example, 
grooves 50 may be formed in the shape of a "V". Grooves 50 
may have a depth of about 90% of the thickness of the 
encapsulant . 

During packaging, the segments 15 are separated from 
one another by a punching, breaking, shearing, or other 
suitable operation to break the substrate 5 at break points 
60 formed by grooves 10 and 50. It is contemplated that 
grooves 10 and 50 may be sufficiently formed such that a 
machining process is not needed to separate the substrate 
into individual circuit packages. 

The present invention has been described in terms of 
number of embodiments. The invention, however, is not 
limited to the embodiments depicted and described. For 
example, grooves 10 and 50 may be formed perpendicular to 
the substrate 5, and encapsulant 4 0 may be in the form of a 
glob top. 

What is claimed is: 



